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METHOD AND DEVICE FOR MUTUALLY 
ALIGNING A MASK PATTERN FORMED IN 

A MASK AND A SUBSTRATE 

The invention relates to a method for mutually aligning 
a mask pattern formed in a mask and a substrate, on Which 
the mask pattern is to be imaged, of the type more closely 
de?ned in the preamble of claim 1. The invention also relates 
to a device for carrying out the method. 

In modern very accurate production methods, it is often 
necessary to align tWo objects precisely With one another. 
This requirement obtains, in particular, a semiconductor 
photolithography for producing chips. In this case, a pho 
toresist is applied to a surf ace of a Wafer Which is subse 
quently exposed With the structure to be produced. Parts of 
the photoresist are stripped aWay again by means of a 
chemical development process. The free parts of the semi 
conductor surface can noW be etched, chemically doped, 
metaliZed or coated With other materials, With the result that 
the required complex structures for integrated circuits are 
produced in several steps. The siZe of the structure in the 
case of integrated circuits is given by the Wavelength of the 
radiation to be used for the exposure. The desired structure 
is imaged in this case onto the photoresist layer from an 
exposed mask in a photooptically shrunk fashion. The aim of 
shrinking the circuit structure and/or chips as far as possible 
encounters limits oWing to diffraction effects because of the 
Wavelength of the light of the photooptical lithography. 

In the case of the semiconductor lenses mostly used, the 
positioning of the projected image generated via the mask is 
implemented on a Wafer With the aid of an alignment system. 
In this case, the ?rst diffraction order of the light re?ected by 
setting marks can be used for the evaluation. In order to 
suppress disturbing higher diffraction orders, it is knoWn 
from WO 97/35234 (see FIG. 8), Which constitutes the point 
of departure of the present invention, to arrange an align 
ment plate in a projection lens. Are?ector prism in this case 
couples in illuminating light, Which is generated by a laser 
and is re?ected by the setting marks of the Wafer. The 
re?ected Zero diffraction order is coupled out by the prism. 
Situated around on the outside are the ?rst diffraction orders, 
Whose detection is enabled by means of a correction lens 
Which ensures clean imaging. Other diffraction orders fall 
onto regions outside the correction lens. There, the align 
ment plate is designed as a dichroic ?lter, With the result that 
the light blocks off the alignment Wavelength. Instead of 
designing the alignment plate as a dichroic ?lter, the latter 
can also be of locally opaque design (see FIG. 9), thus 
achieving the same aim, speci?cally “red blocking” of the 
illuminating light up to the region of the ?rst diffraction 
orders, Without disturbing the photolithographic method. 

In the case of short operating Wavelengths in the DUV, 
the dichroic layers exhibit a reduced suppression of the 
alignment Wavelength and absorption losses and scattering 
at the operating Wavelength. 

US. Pat. No. 4,778,275 discloses a method and a device 
for mutually aligning a mask pattern formed in a mask and 
a substrate on Which the mask pattern is to be imaged, use 
being made of a diaphragm or a pinhole stop to separate 
undesired signal components from higher diffraction orders 
(see FIG. 8). 

HoWever, it has emerged in practice that, in conjunction 
With the rising demands and With the shortening of the 
operating Wavelengths used, even With Wavelengths of 248 
nm and, in particular, 193 nm technical dif?culties arise in 
?ltering out or separating the higher diffraction orders from 
those of the ?rst diffraction orders using dichroic layers or 
a pinhole stop. 
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EP 0 243 520 B1 describes a method for aligning tWo 

objects in conjugate planes of an imaging system, the objects 
having ?rst and second, respectively, optical crossed grat 
ings as setting marks, and the ?rst grating being illuminated 
by a light beam. In this case, the ?rst crossed grating is a 
photolithographic mask, and the second grating is part of a 
Wafer Which is to be exposed photolithographically. In this 
case, the beams diffracted in the x- and y-directions by the 
crossed gratings are mutually separated by a N2 plate. The 
separation of the x- and y-directions can be performed in this 
case at any desired pass points of the beams. In this Way, tWo 
useful signals are mutually separated and evaluated in 
photodetectors respectively assigned to them. There is noth 
ing said in this printed publication concerning the treatment 
of beams of different diffraction orders, nor are the problems 
occurring in this case solved in this document. 

It is the object of the present invention to create a method 
and a device for mutually aligning a mask pattern formed in 
a mask and a substrate on Which the mask pattern is to be 
imaged, by using setting marks, the aim being to perform 
alignment With high accuracy and Without excessively high 
absorption losses and scattering at the operating Wavelength 
even in the case of projection systems With very short 
Wavelengths. 

According to the invention, this object is achieved by 
means of the method features named in the characteriZing 
part of claim 1, and of the device features named in claim 4. 

According to the invention, speci?c use is noW made of 
a light beam With polariZed light, a phase shift or a rotation 
of polariZation for the ?rst diffraction orders being under 
taken in the beam path. A phase shift or rotation of polar 
iZation of 90°, Which is achieved, for example, by a so-called 
M2 plate in the beam path, has proved to be the optimum 
phase shift in this case. 

Once this phase shift has been undertaken according to 
the invention, higher diffraction orders and unWanted light 
are ?ltered out or separated in a next stage from the ?rst 
diffraction orders, after Which the light beams of ?rst dif 
fraction orders are subsequently detected, and the result is 
evaluated for alignment purposes. 

It is possible, for example, to use an analyZer as sepa 
rating device for separating the higher diffraction orders and 
unWanted light from the ?rst diffraction orders. 

If use is made for the illuminating device of the align 
ment system of a laser Which generates polariZed light, no 
further measures are required for the light beam. If no 
polariZed light is to be generated by the exposing source, all 
that is required is to arrange a polariZer in the light beam 
upstream of the phase shift so that the separation according 
to the invention can be performed. 
A substantially better signal-to-noise ratio than With the 

knoWn dichroic layers is achieved using the method accord 
ing to the invention and the device provided for the purpose. 

It is advantageous that the device according to the 
invention can be used With a loW outlay in existing systems. 
Moreover, the mode of procedure according to the invention 
and the device for the purpose are not limited to a speci?c 
type of lens but can, rather, be used for all types of lens 
Which are used in a “through the lens alignment”. 
A further advantage according to the invention results in 

the fact that it is possible to achieve a higher total transmis 
sion of the lens. By comparison With the knoWn solutions, 
loWer production costs also result, in particular When there 
is no need to develop a neW dichroic layer. 
A very advantageous development of the invention con 

sists in that the phase shift is undertaken in the pupil plane 
of an imaging system, for example a projection lens. 
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Speci?cally, in the pupil plane the individual diffraction 
orders are mutually separated in accordance With the Fourier 
transformation, the different angles of the diffraction orders 
being transformed at this point to different locations. This 
means that the individual diffraction orders are situated neXt 
to one another, as a result of Which it is possible to act 
speci?cally on the ?rst diffraction orders to produce their 
phase shift or rotation of polariZation Without in?uencing the 
other diffraction orders, doing so by speci?cally undertaking 
a phase shift With the aid of an appropriate phase-shifting 
device. 

The invention is described by Way of eXample beloW 
With the aid of the draWing, in Which: 

FIG. 1 shoWs a device according to the invention for 
mutually aligning a mask and a Wafer in a photolithographic 
chip production method, in a basic representation; and 

FIG. 2 shoWs an enlarged representation of a section of 
FIG. 1, With the device for phase shifting according to the 
invention. 

Photolithographic illuminating devices for producing 
chips and devices for aligning a mask pattern With a sub 
strate are generally knoWn, for Which purpose reference is 
made, for example, to the publications imaged at the 
beginning, for Which reason more detail is given beloW only 
on the parts essential to the invention. 

Arranged betWeen a mask 1, on Which a mask pattern is 
imaged, and a substrate, for eXample a Wafer 2, is a 
projection lens Which is represented in a simpli?ed Way by 
lenses 3 and 4. An alignment plate 6 is arranged betWeen the 
lenses 3 and 4, speci?cally in the pupil plane 5 of the 
projection lens. Located in the central region on the side of 
the alignment plate 6 facing the Wafer 2 is a re?ector prism 
7 Which de?ects as alignment beam to the Wafer 2 a 
polariZed light beam 9 generated by a laser, for eXample an 
He-Ne illuminating laser 8. The polariZed light beam 9 has 
previously been split up into a light beam 9a and a light 
beam 9b by a beam splitter 10. The light beam 9a strikes the 
re?ector prism 7 directly, While the light beam 9b impinges 
on the other side of the re?ector prism 7 by being de?ected 
by a mirror 11. The division in tWo beams 9a and 9b is 
necessary because in each case tWo setting marks 12a and 
12b are provided on the mask 1 and setting marks 13a and 
13b on the Wafer 2 With linear or parallel gratings. The linear 
gratings 12a and 12b of 13a and 13b, respectively, are 
provided in each case for the X- and y-directions for the 
purpose of precise alignment With reference to position and 
angle. Instead of a laser 8 With a beam splitter 10, it is, of 
course, also possible to use tWo lasers for separating gen 
erating the beams 9a and 9b. 

A>\,/2 plate 14 is arranged as phase-shifting device on the 
alignment plate 6 or in the pupil plane 5. Located doWn 
stream of the M2 plate in the beam direction is a correction 
lens 15. Located doWnstream of the mask 1 in the beam 
direction in each case is an analyZer or polariZation ?lter 16 
Which is assigned to the setting mark 12a or 12b and 
doWnstream of Which a detector 17, such as a four-quadrant 
diode (Quadcel) is arranged in each case. The values deter 
mined in the tWo detectors 17 are input into an evaluation 
device 18, Which is indicated only by dashes in FIG. 1. 

The device described above functions in the folloWing 
Way: 

The alignment beam is de?ected and projected through 
the lens 4 onto the setting marks 13a and 13b and re?ected 
there. The beams of the Zeroth diffraction order 19 are then 
retro?ected through the re?ector prism 7 in the direction of 
the beam 9. The remaining diffraction orders together With 
unWanted light are led through the alignment plate 6 and the 
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4 
lens 3 and subsequently strike the setting marks 12a and 
12b, the beams re?ected by the setting mark 13b striking the 
setting mark 12a, and, vice versa, the beams from the setting 
mark 13a striking the setting mark 12b. 

The M2 plate 14 is located in the region in Which the ?rst 
diffraction orders 20 in the pupil plane 5 of the imaging 
system, speci?cally the projection lens With the lenses 3 and 
4, pass through the alignment plate 6. This means that the 
M2 plate 14 rotates the beams of the ?rst diffraction orders 
20, Which up until then Were, for example, polariZed parallel 
to the plane of incidence by a corresponding phase shift of 
90°. Perpendicularly polariZed light beams are therefore 
present doWnstream of the M2 plate 14 for the ?rst diffrac 
tion orders 20. 

As may be seen from the enlarged representation in FIG. 
2, in Which, for the purpose of simpli?cation, one beam path 
is represented for the setting mark 12a to Which the beams 
are projected from the setting mark 13b, the higher diffrac 
tion orders 21 and the unWanted light are led passed the M2 
plate 14 and thereby continue to remain polariZed in parallel. 
The perpendicularly polariZed beams of the ?rst diffraction 
orders 20 are more clearly imaged by the correction lens. 
Furthermore, said lens de?ects the ?rst diffraction orders 20 
in such a Way that the main beams meet again in the plane 
of the setting marks 12a and 12b together With the parallel 
polariZed beams of the higher diffraction orders 21 and With 
unWanted light. 

By virtue of the fact that these beams are differently 
polariZed, they can be separated from one another in a 
simple Way in the doWnstream analyZers 16, since the 
analyZer thereby acts as a separating device 16 for separat 
ing the higher diffraction orders 21 and unWanted light from 
the ?rst diffraction orders 20, With the result that only the 
?rst diffraction orders 20 are fed to the detector 17 arranged 
doWnstream thereof in the beam path. 
What is claimed is: 
1. A method for mutually aligning a mask pattern formed 

in a mask and a substrate, on Which the mask pattern is to 
be imaged, by using setting marks in the mask and in the 
substrate, the alignment being performed With the aid of an 
imaging system and a light beam With polariZed light, 
Wherein 

a) a phase shift for the ?rst diffraction orders (20) is 
undertaken in the beam path (9a, 9b), 

b) higher diffraction orders (21) and unWanted light are 
?ltered out after the phase shift, and 

c) after the ?ltering out the light beams of ?rst diffraction 
orders (20) are detected, and the result is evaluated for 
alignment purposes. 

2. The method as claimed in claim 1, Wherein the phase 
shift is performed in the pupil plane (5) of an imaging 
system (3, 4). 

3. The method as claimed in claim 1, Wherein a phase shift 
of M2 or odd multiples is undertaken. 

4. A device for carrying out the method as claimed in 
claim 1, having an optical alignment system for aligning a 
mask (1) With setting marks (12a, 12b) With respect to the 
setting marks (13a, 13b) of a substrate (2), having an 
imaging system (3, 4), having an illuminating device (8) 
Which generates a light beam from polariZed light either 
directly or via a polariZation ?lter, having a detector (17) and 
having an evaluating device (18), Wherein 

a) a phase-shifting device (14) for the ?rst diffraction 
orders (20) is arranged in the beam path (9a, 9b) of the 
light beam, 

b) doWnstream of the phase shift (14) in the beam 
direction, a separating device (16) is arranged for 
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separating the higher diffraction orders (21) and 
unwanted light from the ?rst diffraction orders (20), 
and 

c) doWnstream of the separating device (16) in the beam 
direction are arranged a detector (17) and an evaluating 
device (18) connected to the detector (17). 

5. The device as claimed in claim 4, Wherein the phase 
shifting device (14) is located in the pupil plane (5) of an 
imaging system, in particular of a projection lens (3, 4). 

6. The device as claimed in claim 4, Wherein the phase- 10 
shifting device is a N2 plate (14). 

6 
7. The device as claimed in claim 4, Wherein the sepa 

rating device is an analyZer (16) for polariZed light. 
8. The device as claimed in claim 4, Wherein the illumi 

nating device has at least one laser (8) generating polariZed 
light. 

9. The device as claimed in claim 4, Wherein the mask 
pattern is part of a photolithographic mask (1) and the 
substrate is part of a Wafer 

* * * * * 
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